24/04/2012 



Lezione 16 

Fase eff ettrice delle 
risposte immuni: 
la risposta celialo mediata 



T Celi -mediateci Immunity (CMI) 



T cells leave the thymus and circuiate through the 
blood and lymphoid organs 

Na'i've T cells have not reacted with their specif ic 
antigen 

When a na'i've T cells appropriately interacts with 
antigen it gets activated (prolif eration and 
diff erentiation). The result is that lots of antigen- 
specif ic cells acquire their effector function . That 
is, they become armed effector T cells that can act 
on target cells. 



Tissue (immature) dendritic cells falso Lar\q^rhar\s' 
cells) inqest f oreign material (and self material) (using 
innate mechanisms); inf lammatory molecules (e.g., 
cytokine and bacterial products) cause their 
maturation. 



Mature dendritic cells migrate to regional lymphoid 
organs (e.g., lymph node). They present antigens and 
co- stimili atory molecules (e.g. signal 2) to T cells. 

Macrophages and B cells also take up f oreign material 
but these cells are usually the targets of armed 
effector T cells 



T celi functions 
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Figure 9.1 Janeway 
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The migration (traff icking) is mediateci by 
cytokines/chemokines and adhesion molecules 
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Selectins 


Chemokines 


Integrins 


Chemokines 


L-selectin 


CCL21 


LFA-1 


CCL21,CXL12 



Lymphocytes enter lymphoid organs (e.g., lymph nodes) 
by passing through the walls of high endothelial venules 
(HEV) 




Sf ingosine 1 phosphate Receptor (S1P-R): initially dowregulated then re- 
expressed upon antigen recognition and activation; new inhibitor FTY720 as 
immunosuppressive drug 



Selettine, integrine, addressine, molecole di adesione 





Name 


distribution 


Ligand 


Selectins 

Bind 
carbohydrates. 
Initiate leukocyte- 
endothelial 
interaction 






endothelium 


PSGL-1, 
sialyl-Lewis» 


E-selectin 
(ELAM-1, CD62E) 


Activated 
endothelium 


Sialyl-Lewis* 






Integrins 

cell-adhesion 
molecules and 
extracellular 

Strong adhesion 


LFA-1 


a L :p 2 

(LFA-1, CD11a:CD18) 


Monocytes, T cells, 

neutrophils, 
dendritic cells 




a M :|3 2 (CR3, 
Mac-1,CD11b:CD18) 


Neutrophils, 
monocytes, 
macrophages 


ICAM-1, iC3b, 
fibrinogen 


a x : Pl (CR4, 
pi 50.95, CDllc:CD18) 


Dendritic cells, 
macrophages, 
neutrophils 


iC3b 




a 5 :p, 

(VLA-5, CD49d:CD29) 


Monocytes, 
macrophages 


Fibronectin 


Immunoglobulin 
superfamily 
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ICAM-1 


ICAM-1 (CD54) 


Activated 


LFA-1, Macl 


Various roles in 
celi adhesion. 
Ligand for 
integrins 


ICAM-2 (CD102) 


endothelium, 
dendritic cells 


LFA-1 


VCAM-1 (CD106) 


endothelium 


VLA-4 






PECAM (CD31) 


Activated leukocytes, 
endothelial cell-cell 


CD31 



Binding of selectins to vascular addressins 
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Binding of integrins to adhesion molecules 



subset of naive cells 



APCs in 

lymphoid 

organs 



Dendritic cells 
(interdigitating reticular cells) 



infortii./** 



infecting' 
the dendritic celi 




Macrophages 
mostly for 
f iltering the 
lymph fluid. 
They are weak 
activators of T 
cells 







Interdigitating dendritic cells 
are primarily in the T celi areas 
of lymphoid organs and their 
primariy f unction is to activate 
T cells (T H ) (are these immature 
or mature dendritic cells?) 



T celi are mostly 
in the T celi 
zone (but not 
exclusively) 



B celi circuiate through the 
lymphoid organs. Are they 
weak activators of naive T 
cells? 

B cells mostly 
in B celi zone 

(but not 
exclusively) 





Routes of antigen processing and presentation by dendritic cells 


Receptor- 
mediated 
phagocytosis 


pinocytosis 


Virai 
infection 


Cross-presentation 
after phagocytic 
or macropinocytic 


Transfer from 
incoming 
dendritic 
celi to resident 

dendritic celi 
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Type of pathogen 
presented 


Extracellular 
bacteria 


Extracellular 
bacteria, soluble 
antigens, virus 
particles 








MHC molecules loaded 


MHC class II | 


MHC class II 


MHC classi 


MHC classi 


MHC classi 


Type of naive T celi 
activated 


CD4T cells 


CD4T cells 


CD8T cells 


CD8T cells 


CD8T cells 



Dectin 1 
DEC 205 

Mannose receptor 
Langerin 



Special ized DCs Herpes simplex 
CD8+ in mouse CD9+ DCs 
BDCA-3 in humans 
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Dendritic celi 

Is this an immature or mature dendritic celi? 
H ow do you know? (see next slides) 



Conventional dendritic celi 


DC-SIGN i 


¥) CCR7 




\ MHC // 
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This is the conventional 
dendritic celi that 
activates T cells and is 
what we ref er to when we 
use the unmodif ied term 



Plasmacytoid dendritic celi 
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Use TLRs to bind virai 
ssRNA or virus spedfìc 
DNA (CpG containing DNA) 
and then seccete 
interf eron (IFN)a or b 



"dendritic celi" 



Richiamate da CXCL9, CXO.10, CXCL11 prodotte dopo IFN-y 



Langerhans cells (one type of 
immature dendritic celi) take-up 
antigen in the interstitial tissues; 
they begin a maturation process as 
they migrate via the lymphatics to 
the draining lymph node 



Antigen uptake by 
Langerhans cells in 
the skin 


Langerhans cells leave 

the skin and enter 
the lymphatic system 
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In the lymph node they are 
mature dendritic cells that 
present antigen to T cells 
(signal 1) and provide co- 
stimulation (signal 2) for T celi 
activation 



enter the lymph node 
from infected tissues and 
can transfer some 



dendritic cells 




resident dendritic celi 




DenariTic celi acTivaTion Dy Dactenai proaucts (e.g., lkì, epe?, pepnaogiycan; 
usually via toll-like receptors (TLR)) or cytokines (e.g., TNF). Dendritic cells 
deliver signal 2 only after they are activated 




Do activated dendritic cells 
present self peptides? 

Yes, but there should be no T 
;ells that can respond to 
hese peptides 



• Also, new adhesion 
molecules and secrete 
chemokines to attract 
T cells 

• No longer 
phagocytic 





peripheral tissues encounter pathogens 
and ara activated by PAMPs 




Dendritic celi maturation 








TLR signaling induc^CCR7 and enhances 
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Properties of professional antigen presenting cells (APC) 





Dendritic cells 


Macrophages 


B cells 






• 




+++ Macropinocytosis 

and phagocytosis 
by ti5sue dendritic cells 


+++ Macropinocytosis 
+++ Phagocytosis 


Antigen-speciftc 
receptor (Ig) 


MHC 

expression 
Class H 


Low on immature 
dendritic cells 
High on dendritic cells in 
lymphoid tissues 


Inducible by 
bacteria and cytokines 


Constitutive 
Increases on activation 


Co-stimulation 
delivery 


Constitutive by mature, 
nonphagocytic lymphoid 
dendritic cells 


Inducible 


Inducible 


Location 


Ubiquitous 
throughout 
the body 


Lymphoid tissue 
Body cavities 


Lymphoid tissue 
Peripheral blood 


Erteci 


Results in activation 
of naive T cells 


Results in activation 
of macrophages 


Results in delivery of 
help to B celi 



Both traf f icking and initial interactions of T cells with 
APC requires adhesion molecules 

Tcell 




class II ICAM-1 
antigen-presenting celi (APC) 
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Leukocyte adhesion def iciency 1 and 2 
(LAD1/2) 

LAD 1 is a result of a lack of (32 intergrin expression 
due to def ect of CD18 (LFA-1 and MAC-1). 
Interaction with ICAM and VCAM on endothelium is 
impaired 



LAD 2 results f rom a lack of sialyl LewisX (def ect 
of carbohydrate f ucosylation). Interaction with 
endothelial E-and P-selectins is impaired 



Leukocyte adhesion def iciencies (L/4D 1 and 2) 



Neutrophils unable to aggregate 

Leukocytes unable to leave the circulatory 
system 

Neutrophil counts are commonly twice 

the normal level even without 
an ongoing infection 
(Leukocytosis) 

Clinical findings: 

History of delayed separation of umbilical cord 
Severe peridontitis 

Recurrent bacterial and f ungal infections of orai 
and genital mucosa (enteric bacteria, staph, 
candida, aspergillus) 

Infected foci contain few neutrophils (no pus) and 
heal poorly 

LAD 2 immunodef iciency is less severe, however the defect is associated with 
growth retardation, dysmorphy and neurologica! def icits 




Signals 1, 2 and 3 for T celi activation and differentiation. Both antigen- 
specif ic signals (signal 1) and co-stimulatory signals (signal 2) are required 
for T celi activation. Signal 3 directs differentiation 



APCs deliver three kinds of 
signals to naive T cells 




Differentiation 



What causes signal 1? 
The TCR binding to MHC plus 
(f oreign) peptide 

What causes signal 2? 

B7 on the APC binding to CD28 on 

the T celi 

What causes signal 3? 
Signal 3 is delivered by 
cytokines f rom the APC or other 
cells. These cytokines are 
important for directing T celi 
differentiation into sub sets 
(e.g., T H 1 or T H 2) 



Signal 2: B7 on activated dendritic celi binds to CD28 
on T cells 

3P~ 

CD28 is the 
receptor 

B7 is the ligand 

Cytokines not 
shown in this 
slide (see 
previous slide) 

There are 2 f orms of 
B7 

B7.1 = CD80 
B7.2 = CD86 




Signaling 
intermediates 
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Functional tProduction tSecretion tCyclins Multiple 

effects of Bcl-xL, Bcl-2 of IL-2, ^Cell cycle mechanisms 
expression inhibitors 
of IL-2R n 



Celi 




Celi 


survival 




proliferation 



Differentiation 
to effector and 
memory cells 



il: Cellular and Molecul; 



IL-2 is key to antigen-induced T celi 
proliferation and differentiation 



Resting T cells express only a 
moderate-affinity IL-2 receptor 
(IL-2Ftp and 7 chains o " 




Autocrine 
stimulation (a celi 
makes a hormone 
that is secreted and 
stimulate the celi 
that made it) 

Cells divide 2-3 
times per day 
for 4 or 5 day 
(2 12 = 4096) 

IL-2 used to 
be called "T 
celi growth 
factor" 
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CTLA-4 modulates activation of T cells by attenuating 
signal 2 



CTLA-4 binds B7 more avidly than does 
CD28 and delivers inhibitory signals to 
activated T cells 



antigen-presenting celi 



B7.1 WW da: 



activated T celi 



B cells, T cells, and NK cells express 
receptors that contain immunoreceptor 
tyrosine-based inhibitory motifs 



PIR-B FcyRIlB 1 CD22 BTLA, KIR2DL KIR3DL 




Activated T cells put CTLA-4 
on their surf ace thus limiting 
signal 2 affects 



Multiple interactions 
create the 

"costimulatory network" 




C lg V ii ke domain O IgC-bke domain 

CD28 receptor family 



Progammed death (PD) receptor/ligand and celi 
activation inhibition 



— YY— CTLA-4 (CD152)-» Ini 



presenting 



PD-L2(B7-DC) i 



Figure ì 

liMiI'D-Ll imcr.iai,,nc\p.m.l 
and B7-I productively interact c 

interactions that can occur on T cells and APCs an 
noi only deliver signals when ligated, but may also 
identitìed receptors (FD-1, CD28, CTLA-4). IgV- 



die B7:CD28 family. Rece 



Signal 1 without signal 2 causes T celi anergy (tolerance). This is a 
mechanism to make the self/nonsef discrimination in the periphery. 


Signal 1 + signal 2 activate the T celi (see previous slide) 
\- Signal 2 alone has no effect on the T celi 
\^ [^Signal 1 alone inactivates the T celi 




Co-stimulatory signal alone 


Antigen-specifìc signal alone 






\. x^apc / 


\. s \^tissuecell^/ 






UU stimulator M 


MHC 
class II 
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No effect on T celi 


V 2 

Inactivation (anergy) or deletion of T celi 
Decreased TCR signaling through inductlon 
of GRAIL and activation of Cbl 





















Signal 1 without signal 2 leads to 
anergy or death. Signal 1 +signal 
2 leads to activation. 




So only antigens associated with inf lammation activa'te T ceITs (antigen 
presented on activated APC) and self antigens inactivate anti-self T cells 
(maintenance of tolerance; not in bone marrow but peripheral tolerance ). 
Thus, autoimmune diseases are usually avoided. 



Once T cells are activated and nave acquired their effector 
function, they do not need co-stimulation (signal 2) to carry 
out the effecior function. 

Proliferate and No co-stimulation is 
acqui re effector required for 
function (signals 1 activated celi to 
and 2 and carry out the 

cytokines) effector function 



Co-stimulation 
required for 
activation 



Stimulation of naive T celi 


Proliferating T celi 


Active effector T cells kill 
virus-infected target cells 


MHC class'i kff Ì^B7~~~^ 
Tcell 
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Retention in 
lymph node 



Amplification Contro , o{ 
Proliferation and effector iSom» 
functions K 




Time after activation 



sequestration of S1PR1. 



Once activated, T lymphocytes change the surface expression of 
molecules relevant for homing to lymph nodes and acquire the ability to 
reach inf lamed tissues in the body 



CD4 
Tcell 



Resting 



Cell-surface molecules 



T-cell 
receptor 



| ++ | 



Chemochine receptors and 
selectin ligands are 
differentially expressed 
among TH celi subsets 
following differentiation f rom 
naive T lymphoctes 



Cytokines produced 



Cytokine receplor 



IL-12R |ì cham 
IL-18R 

Csiemohirse recopto 

CCR4. CCR8. 
CXCB4 

CXCR3. CCRS 



Anhbody isotypes igS2a 



Classical Alternative 
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TH1 migrate to and are retained within the inf lammation site where 
the antigen is present 



Lymphocyte circulatic 
through normal 
peripheral venules 



binò receptors on 

etfector and 
memory T cells 



Effector and 
memory T cells ei 
peripheral tissui 



Antigen 
byT 9 cel°s 
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receptors on effector and memory 
T cells favor their migration 
into inflammatory sites 




Activated antigen- 
specific T cells are 
retained at site of 

infection and 
perforai effector 
functions 



VLA-4, VLA-5, CD44 
stabilize the intreraction with 
tissue fibronectin and jaluronic acid 



Diff erent ef f ectors deal with pathogens dif f erently 





CD4 T cells: peptide + MHC class II 




T„1 cells 


T H 2 cells 


T H 17cells 


T FH cells 


Tre,, «e»* 


IFN-y 


IL-4, IL-5, 
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CTL activation on APCs 




Stimulation of APC through CD40 
increases B7 and 4-IBBL, which 
co-stimulates naive CD8 T celi 




The CD4 + celi activates the 
APC via CD40L. Then, the 
APC can activate the CTL 
(the CD4 + celi "licenses" the 
APC to activate CTLs). This 
is key when there are few 
bacterial products to 
activate the APC (e.g., virai 
infection) but is not 
r\ecessary when bacterial 
products activate the APC. 
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CTI activation on APCs: direct and bystander activation 



Listeria monocyfogenes 



Dendritic cells expressing high levels 
of B7 as a result of infection can 
activate naive C08 T cells 


Cytokines IL-12 and IL-18 made by 
dendritic cells can induce bystander 
CD8 T cells to produce IFN-7 


"»b QMI I 


1 


naive CD8 T celi 

V"-" 18 n«„ 

1 P _ 


• • a 

e activated dendritic celi • 




0 activated dendritic celi • 


Pathogen-specific CD8 effector cells 
expand and become cytotoxic 


\7 

IFN-7 produced by bystander CD8 T 
cells can activate ntacrophages and 

other cells to promote general 
resistance to bacteria and viruses 


9p 


IFN-7 O—^^O^ 


0 


0 0 0 0 0 



Non-specif ic interactions mediated by adhesions molecule 
initiate CTL- target interactions but, by themselves are 
insuff icient to initiate killing of the target. Killing requires 
TCR binding of the appropriate MHC-peptide complex 



The initial intera 
with target 
nonspecifk adh 


ction of CD8 celi 
esion molecules 

■ p 1 u, 
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No antigen-spe 
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Antigen-specific recognition: 
stable pairing and focused 
release of effector molecules 





WAS (Wiskott-Aldrich Syndrome) 

Primary immune def iciency disorder 

- Entails part of the bodies immune system is 
missing or does not f unction properly 

- Caused by genetic def ects in the immune system 
X-linked recessive trait 

- Genetic def ect caus'mg def iciency is on the X- 
chromosome 

- Only af f ects males and is passed to child f rom the 
mother, a healthy carrier of the disorder 



Healthy woman 
carrier 



Parents 



Ova 




Sperms 
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X-chromosome 


- 


with healthy 




gene 




X-chromosome 




with detective 


■ 


gene 




Y-chromosome 




J 



Figure: X-finked recessive genetic trait ft om a heatthy woman 
who is a carrier 
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Symptoms 



Thrombocytopenia (low 
platelet count and 
disturbed platelet 
function) 

Recurrent inf ections 
Eczema 

Malignancies in the form 
of leukemia and 
lymphoma occur in more 
severe cases 




AcYrn Reorganization 

WASP is involved in the reorganization of the 
actin skeleton. When the WAS protein is 
altered, it does not properly bincl and actin 
reorganization is prohibited. 



[~A~j - j VH/CHi"] — 



| PH/WH1 [ — fÌÌ] - |GBDH PPP/SH3 bindjng 



<§DP-Cdc42) '<:-.„^ | polymerization | 

| PH/WH1 | — |BR| - |GBD| — | PPP/SH3 binding | ~ |~VH/CH | - |~A~| 



Mutations 

WAS is associateci with the absence of 
the Wiskott-Aldrich Syndrome protein 
(WASP) which is caused by simple 
mutations in the WASP gene 
Missense and f rameshif t mutations are 
two known to cause WAS 



Af f ect on T Lymphocytes 

Cytoskeleton reorganization is involved 
in the binding of T lymphocytes to 
antigen-presenting cells through CD3 
crosslinking. 

Without actin reorganization, CD3 is not 
properly presented at the cells surface 
and the T celi is not activated. 

Causes recurrent virai and f ungal 
inf ections (as noted in symptoms). 



Af f ect on B Lymphocytes 

• Thymus dependent B lymphocytes need 
T cells f or activation and 
differentiation. 

• B cells only able to produce IgM 
through thymus independent B 
lymphocytes. 

• Causes recurrent bacterial inf ections 
because proper antibodies are not 
produced against certain bacteria. 



CTLs are serial killers 



CTL recognizes and 
binds virus-infected celi 


CTL programs target for 
death, indudng DNA 
fragmentation 


CTL migrates to 
new target 


Target celi dies 
by apoptosis 
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There is little 
bystander killing 
by CTLs 

This is quite diff erent 
f rom T H 1 activated 
macrophages which 
cause a lot of 
bystander killing (next 
slides) 



T celi recognizes infected celi 
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Infected cel 
programmed fo 


is 

death 
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Neighboring uninfected 
cells are not killed 
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Perfori n/ 
granzyme- 
mediated 
celi killing 




Fas/Fas L- 
mediated 
celi killing 





id Molecular lmmunology, 7e. 



FasL on CTL interacts 
with Fas on target celi 



Apoptosis 
of target celi 



Protein in 
granules of 
cytotoxic T cells 


Actions on target cells 


Perforili 


Aids in delivering contents 
of granules into the 
cytoplasm of target celi 


Granzymes 


Serine proteases, 
which activate apoptosis 
once in the cytoplasm 
of the target celi 


Granulysin 


Has antimicrobial actions 
and can induce apoptosis 


Fas ligand 
(FasL) on 
the surface 


Induces 

apoptosis in cells 
expressing Fas 
ontheir surface 




CTL lytic 
mechanisms 



Endonucleases that 
degraded host 
DNA during 
apoptosis may also 
degrade virai DNA 



Also, CTLs release 
IFN-y to attract 
and activate 
macrophages and to 
inhibit virai 
replication. 



Perforin (a complement 
MAC-like molecule) 
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Engagement of TCR by peptide:MHC 
complex causes directed release 
of perforin and granzymes 
complexed with serglycin 


tcr| 

MHcf 


|""~— ---^cytotoxic 
! ser—^»- granzyme granule 
| glycin H- perforin 


f 


> 

virus-infected celi 


V 

Granzyme is delivered into the 
cytosol of infected celi and targets 
BID and prò caspase 3 
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> 

• • a 

la <W BID pro-caspase-3 



0= 



Truncated BID (tBID) disrupts 
mitochondrial outer membrane, 
and activated caspase-3 cleaves 
ICAD, releasing caspase-activated 
DNase (CAD) 




Release of cytochrome c into 
cytosol activates apoptosis, and 
CAD induces DNA fragmentation 




Figure 8-38 Immunobiology, 7ed. (© Garlan 
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